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1. EXECUTIVE SUMMARY

In this pediatric efficacy supplement, Jazz Pharmaceuticals is seeking approval of Xyrem® for treatment
of cataplexy or excessive daytime sleepiness in pediatric patients 7 years of age and older. The
submission is in response to a pediatric Written Request issued on March 10, 2014 and amended on
April 25, 2017.

Xyrem® is a CNS depressant currently approved for treatment of cataplexy or excessive daytime
sleepiness in the adult population. In adults the recommended starting dose is 4.5 grams (g) per night
administered orally in two equal, divided doses: 2.25 g at bedtime and 2.25 g taken 2.5 to 4 hours later.
The dose can be increased to a total of 9 g per night.

The current submission includes the results from the pivotal pediatric clinical trial 13-005, a double-
blind, placebo-controlled, randomized withdrawal study of Xyrem® in pediatric subjects with narcolepsy
with cataplexy. In addition, a population PK analysis was conducted to describe the pharmacokinetics in
the pediatric population and to support the proposed dosing regimen. The primary focus of this review
is the evaluation of the proposed pediatric dosing regimen.

1.1 Recommendations

The submission is acceptable from a clinical pharmacology perspective and we recommend approval for
the proposed indications in pediatric patients 7 years of age and older. From a clinical pharmacology
perspective, the applicant has met the terms of the Pediatric Written Request. The applicant should
include appropriate labeling, described below, in the pediatric population.

1.2 Post-Marketing Requirements and Commitments
None.

2. SUMMARY OF CLINICAL PHARMACOLOGY ASSESSMENT

2.1 Pharmacology and Clinical Pharmacokinetics

The pharmacokinetics of sodium oxybate in the adult population are summarized in the product label.
Briefly, sodium oxybate pharmacokinetics are nonlinear and are similar following single or repeat dosing
of Xyrem. Following oral administration, absolute bioavailability is 88% and the average time to peak
plasma concentration ranges from 0.5 to 1.25 hours. Administration of Xyrem immediately after a high-
fat meal results in delayed absorption and reduction in exposure. Metabolism is the major pathway for
elimination, producing carbon dioxide and water via the Krebs cycle and secondarily by beta-oxidation.
Plasma levels of sodium oxybate have been demonstrated to increase more than dose-proportionally.

Pediatric PK data were collected in Study 13-005, a double-blind, placebo-controlled, randomized
withdrawal, efficacy and safety study of Xyrem with an open-label PK evaluation and safety extension.
Pediatric patients between the ages of 7 and 16 years who were diagnosed with narcolepsy with
cataplexy, who were being treated with Xyrem or who were Xyrem naive, were eligible to enter the
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study. Dosing in subjects who were Xyrem naive is provided in Table 1. Subjects who were on Xyrem at
study entry remained on their stable dose and regimen.

Table 1: Study 13-005 Xyrem Dose Initiation and Titration

Initiation Dose Maximum Total
Subject Weight (kg) (Taken in 2 divided doses)" Titration Regimen Nightly Dose
<30 < 2 g/night = 1 g/night/week 6 g/night
=30to<45 < 3 g/night < 1 g/might/week 7.5 g/night
> 45 < 4.5 g/night < 1.5 g/night/week 9 g/night

*  Atbedtime and 2.5 to 4 hours later. For children who slept more than 8 hours per night, Xyrem could be given after

bedtime, while the child was in bed. in 2 equally divided doses 2.5 to 4 hours apart.

After a dose stabilization period, patients were randomized to continue double-blind treatment at the
stable dose or to receive placebo at a volume and regimen equivalent to the stable Xyrem dose.
Following an interim analysis, which demonstrated positive efficacy results on the primary endpoint, the
protocol was amended to replace the placebo arm with open-label Xyrem treatment.

Once subjects were taking a stable dose of Xyrem, they were eligible to participate in an open-label PK
evaluation. PK sampling was performed on PK Nights 1 and 2. The first nightly dose was taken at least 2
hours after a meal and the second dose was taken 4 hours after the first dose. On PK Night 1, Xyrem was
administered at half the stable dose and on PK Night 2, Xyrem was administered at the full dose. Blood
samples were obtained at the following times relative to the first Xyrem dose: 0, 0.75, 1.5, 2.5, 4, 4.75
and 8 hours. The PK population (N=29) consisted of 2 age groups, 7 to 11 years (N=11) and 12 to 17
years (N=18).

Noncompartmental Results

The pharmacokinetics of sodium oxybate was characterized in study 13-005. Dose proportionality
assessments suggested sodium oxybate exhibited proportionality in Cmax, and supra-proportional
increases in AUC, indicating nonlinear clearance. The combined effects of accumulation and food effect
led to sodium oxybate plasma concentrations that were generally higher after the second nightly dose
than the first nightly dose. Overall, the PK of sodium oxybate in pediatric subjects was similar to that
previously observed in adults.

Analytical Section

Plasma sodium oxybate concentrations obtained in Study 13-005 were determined by a validated liquid
chromatography with tandem mass spectrometry (LC-MS/MS) analytical method.

The lower limit of quantitation was 1.00 mcg/mL and the upper limit of quantitation was 160.00
mcg/mL. Accuracy and precision of QC samples were <15% (and <20% at LLQ), and calibration curves for
the LC-MS/MS bioanalytical assay were within acceptable limits. Summary of bioanalytical methods
used in Study 13-005 is provided in the table below:
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. . Calibration Inter-Run Inter-Run
Project No. QCs . o
Range (ncg/mL) Precision Accuracy
(mcg/mL) g (%CV) (%RE)
Method 1.00, 3.00,
Validation VJAZZ1901P1 | 1.00 to 160.00 24.00. 112.00 23t0108 |-34t01.0
Assay
Performance | BJAZZ1310P1 | 1.00 to 160.00 23000630'00’ <4.6% -4.7 t0 1.5%

Population PK Model Results

Population PK analysis was performed with pooled pediatric and adult data. The results of the analysis
are provided in greater detail in Appendix 4.1. Briefly, the final model was a two-compartment model
with Michaelis-Menten elimination. The final model included a proportional food effect (meal within 2
hours) on ka, allometric scalars on Vc and Vmax (centered on a body weight of 70 kg), pediatric and child
age category effects on Vc and a proportional diurnal effect (AM vs. PM dosing) on Vmax. Body weight
was found to be the most significant factor on oxybate kinetics. When Xyrem is dosed as mg/kg, similar
PK is predicted between adult and pediatric subjects.

2.2 Summary of Labeling Recommendations
The Office of Clinical Pharmacology recommends the following dosing in pediatric patients 7 years of
age and older:

Initial Dose Titration Maximum Recommended
Regimen Dose
Patient
Weight . .
Take at | Take 2.5 to 4 | (to clinical Take at Take 2.5to 4
Bedtime: | Hours Later: | effect) Bedtime: | Hours Later:
20kgto |<1g <lg <1 g/night/week |[<3 g <3g
<30 kg
30kgto |[<15¢g <1l5¢g <1 g/night/week <375¢g <375¢g
<45 kg
>45 kg <225g |<225¢g <1.5 g/might/week [ <45¢g <45¢g
5
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3. Question Based Review

3.1 Pertinent Regulatory Background

Xyrem (sodium oxybate) was first approved for the treatment of cataplexy in patients with narcolepsy in
2002. In 2005, Xyrem was also approved for the treatment of excessive daytime sleepiness in patients
with narcolepsy. Xyrem is a controlled substance and is only available through a Risk Evaluation and
Mitigation Strategy (REMS) with Elements to Assure Safe Use. A pediatric Written Request (WR) was
issued on March 10, 2014 to investigate the use of sodium oxybate oral solution in the treatment of
cataplexy in narcolepsy in children and adolescents aged 7 to 17 years. The WR required PK assessment,
including an analysis of dose proportionality, as part of the required efficacy and safety study. The WR
was amended on April 25, 2017 in response to an interim analysis of Study 1, which concluded that
there were adequate data to support the efficacy of Xyrem in the pediatric population. At that time, the
Office of Clinical Pharmacology agreed to remove a requirement from the WR for an ongoing analysis of
PK data to determine if a sufficient number of subjects have been enrolled to adequately characterize
the PK of sodium oxybate in the pediatric population.

3.2 Clinical Pharmacology Review Questions

3.2.1 Is the proposed dosing regimen appropriate for the pediatric population for which the
indication is begin sought?
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(b) (4)

Although exposure matching is not required to establish efficacy or safety in the pediatric population,
the reviewer simulated typical concentration profiles for initial and recommended total nightly doses to
gain insight into potential deviations in exposure across the pediatric population. The reviewer used the
applicant’s final Pop PK model for simulation. Typical patients at the lower and upper ends of each
weight category were simulated to provide an expected range of predicted concentrations. The results
are illustrated in Figure 1 below and suggest that oxybate concentrations following the review team’s
dosing recommendations are largely similar across the weight categories, especially for the initial dose.
Following the initial dose, the dose may be gradually titrated until an effective and tolerable dose is
established.

Figure 1: Predicted Oxybate Concentration-Profiles for OCP’s Recommended Dosing in Typical Patients
at the Lower and Upper Ends of each Weight Category for the Initial Dose (left) and Recommended
Total Nightly Dose (right)

o o
0 7| = 20to 29 Kkg: 2 g/night g | = 20to 29 kg: 6 g/night
— — 30to 44 kg: 3 g/night R — — 30to 44 kg: 7.5 g/night
=== 45to 70 kg: 4.5 g/night /N === 4510 70 kg: 9 g/night
- VA —
E 2 E
= O =
a S 4
B 28
c c
8 Ke]
j j
€ o | € 8
g ¥ 8 «
c c
s} o
O] (@)
2 2
o
ERsE S 84
> >
< <
o o]
o A o
T T T T T T T T T T
0 2 4 6 8 0 2 4 6 8
Time after First Dose (h) Time after First Dose (h)

Reference ID: 4338081



4. APPENDICES

4.1 Population PK Analysis

The applicant performed a population PK analysis of plasma oxybate concentrations following
administration of Xyrem in healthy adult subjects and pediatric and adult subjects with narcolepsy. The
purpose of the analysis was to assess sources of variability and to support the proposed dosing
recommendations.

Data from the following clinical studies were included in the analysis:
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Table 3: Studies Included in the Population PK Analysis

Study # Patient Study Design Doses Dosing Regimen Blood Sample
Population Administered Collection

13-005 Pediatric Double-blind, 1-45gBID Titration of 0 (pre-dose), 0.75,
subjects placebo controlled, Xyrem-naive 1.5, 2.5, 4 hours
with randomized- patients to a (pre-2nd dose), 4.75,
narcolepsy withdrawal study of stable nightly dose and 8 hours
with efficacy, safety, and or stable nightly following the first
cataplexy PK of Xyrem dose of patients dose

already taking
Xyrem
(steady-state
dosing)

OMC-SXB-9 Healthy Open label, two 2 dosesof 2.25¢g 2 doses of Xyrem Pre-dose and at
adult period, two or2 dosesof4.5¢g administered 4 0.17,0.33,0.5, 0.75,
volunteers treatment, hours apart on 1,15,2,3,4,417

crossover Study Days 1 and 4.33,45,475,5,

randomized study 8 5.5,6,6.5,7,75,8,

of Xyrem PK 9 and 10 hours after
the first dose

09-002 Healthy Open label, Treatment A: Administration of Treatment A: pre-

(Treatment adult randomized, 2dosesof3 g 2 doses of Xyrem dose and at 0.25,

A Only) volunteers relative 4 hours apart 0.5,0.75,1,15, 2,
bioavailability 2.5,3,35,4,4.25,
crossover study of 45,4.75,5,5.5,6,
Xyrem sustained- 6.5,7,8,9,10,11,
release tablet and 12 hours after
versus Xyrem oral administration of
solution the first 3 g dose of

solution

OMC-SXB- Narcoleptic Open label, two 4.5 g Xyrem ghs Single and steady- Pre-dose and 0.17

10 adult period study to for 8 weeks state (10 minutes), 0.33
subjects compare single administration of (20 min), 0.5 (30

dose versus 8-week Xyrem minutes), 0.75 (45

dosing of Xyrem min), 1, 1.5, 2, 2.5,
3,3.5,4,45,5,5.5,
6, 6.5, and 7 hours
after administration
of each of the two
4.5 g test dose of
solution.

13-010 Healthy Open label, Treatment C: 4.5 g Administration of Pre-dose and at 0.17
adult randomized Xyrem oral 2 doses of Xyrem (10 minutes), 0.33
volunteers crossover study of solution fasted 4 hours apart (20 min), 0.5 (30

PK, bioavailability, TreatmentD:4.5¢g minutes), 0.75 (45
bioequivalence, and Xyrem oral min), 1 (60 min),
food effect of solution fed 1.25 (75 min) 1.5, 2,
Xyrem TreatmentG:4.5¢g 25,3,35,4,45,5,
Xyrem oral 6, 7 and 8 hours
solution fasted after administration
ofasingled4.5g
Xyrem dose

Source: Population Pharmacokinetics Report, Appendix 1, Page 49

The PK dataset included PK samples from 174 subjects, including 29 (16.7%) pediatric subjects and 145
(83.3%) adult subjects. There were a total of 3775 observations, including 333 (8.8%) from pediatric
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subjects and 3442 (91.2%) from adult subjects. The median age of the pediatric subjects was 12 years
(range: 8 to 16 years) and the median body weight was 60.8 kg (range: 31 to 129 kg). One subject I
) from Study 13-005 was removed from the analysis because the subject had a quantifiable pre-

dose concentration and had a PK profile inconsistent with the expected PK of oxybate.
Population PK Model

Structural model: Two-compartment model with first-order absorption and Michaelis-Menten

clearance. PK parameters include Vmax, Km, V¢, Vp, ka, k23 and k32

Interindividual variability: Proportional. The data supported variability on Vmax, Km (block), Vc and ka

Residual Variability: Proportional error model

Interoccasion variability: included on Vmax and Km

Covariates: A forward (p<0.05) and backward (p<0.001) elimination process was used to evaluate
covariate effects. Measures of body size, age, sex, race, disease status, prandial status, diurnal factors
and bioanalytical methods were assessed. The potential relationship was characterized using linear,
power or dichotomous models, depending on the covariate. The final model included a proportional
food effect (meal within 2 hours) on ka, allometric scalars on Vc and Vmax (centered on a body weight
of 70 kg), pediatric and child age category effects on Vc and a proportional diurnal effect (AM vs. PM
dosing) on Vmax

Final parameter estimates are shown in Table 4.

Table 4: PK Parameter Estimates for the Final Pop PK Model

NONMEM Bootstrap
Parameter (units) Estimate v 10V Median | 2.5™ to 97.5"™ Percentile
Vmax (mg'h) 1508 37.7% 10.2% 1503 (1357, 1699)
Km (mg/L) 22.0 41.4% 24 5% 22.0 (17.74, 26.78)
C ‘:“‘r‘"gl;‘r’i‘;‘ﬁ;:::‘{e\r_lg ?ﬁ‘)‘m‘f of 29.5 11.8% | NA 29.4 (28.35, 30.51)
Peripheral Volume of - -
Distibation (VP) (1) 333 NA | NA 331 NA
Ka (1/hr) 4.12 47.2% NA 4.08 (3.57.4.76)
F (NA) 1.00 (Fixed) NA NA | Fixed
K23 (1/hr) 0.0968 NA NA 0.0969 (0.0655, 0.1407)
K32 (1/hr) 0.536 NA NA 0.536 (0.449, 0.633)
Food Effect on Ka (NA) -0.681 NA NA -0.682 (-0.741, -0.61)
AS Exponent on VC (NA) 0.650 NA NA 0.649 (0.506, 0.812)
AS Exponent on Vmax (NA) 0.633 NA NA 0.619 (0.434, 0.801)
Diurnal Effect on Vmax (NA) -0.177 NA NA -0.177 (-0.2438, -0.1106)
Pediatric Age Category on VC 0.201 NA NA 0.193 (0.0897,0.3213)
Child Age Category on VC -0.328 NA NA -0.318 (-0.518, -0.124)
Proportional Error (%CV) 28.1 NA NA 28.1 (26.6, 29.5)
NOTE: Child age category = 7-11 years: pediatric age category = <18 years; Peripheral volume of distribution calculated as

(K23/K32)*VCNA=Not available: AS = Allometric scaling

10
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Source: Population Pharmacokinetics Report, Table 3-2, Page 30.

Basic goodness-of-fit plots and visual predictive checks are illustrated in Figure 2 and Figure 3,
respectively.

Figure 2: Basic Goodness-of-Fit Plots for Final Model

200 -~ 200 - B
g w
s 150 1 B S 150 &
= =
m m
£ 100 - £ 100 -
w w
o o
o o
50 - 50 -
0 - 0 =
T T T T T T T T T T T
1] 50 100 150 200 o 50 100 150 200
Population predictions Individual predictions
1 [ 1 1 L w 1 1 I 1 1 L L
©
1.0 '_8_
w
0.8 - = 2
= 2
& o6 - o £
I -
= ]
= 0.4 - - =
™
c
0.2 - 8
E
0.0 9 o o
T T T T T Qo T T T T T T T
0 50 100 150 200 0 2 4 L. 8 10 12
Individual predictions TAFD

Upper Left plot 1s Predicted (PRED) vs Observed (DV), upper nght 1s Individual Predicted (IPRED) vs DV, lower left plot is
Individual Weighted Residuals (IWRES) vs IPRED, and lower nght plot 1s Conditional Weighted Residuals (CWRES) vs Tume
After First Dose (hours) for the Final Pharmacokinetic Model of Oxybate

Source: Population Pharmacokinetics Report, Figure 3-2, Page 27.

11

Reference ID: 4338081






4.2 Individual Study Review

Study 13-005: A Double-blind, Placebo-Controlled, Randomized-Withdrawal, Multi-center Study of the
Efficacy and Safety of Xyrem with an Open-label Pharmacokinetic Evaluation and Safety Extension in
Pediatric Subjects with Narcolepsy with Cataplexy.

Objectives:

The primary objectives of this study are:

e Evaluate the efficacy of Xyrem (sodium oxybate) oral solution in the treatment of cataplexy in
pediatric subjects with narcolepsy.

e Evaluate the safety of Xyrem in the treatment of cataplexy in pediatric subjects with narcolepsy
for up to 1 year.

The secondary objectives of this study are:

e Evaluate the efficacy of Xyrem in the treatment of EDS in pediatric subjects with narcolepsy with
cataplexy.

e Characterize the PK of Xyrem in pediatric subjects (ages 7 to 17 years) with narcolepsy with
cataplexy.

e Evaluate the safety of titrating Xyrem in pediatric subjects to an effective and tolerable dose.

Study Design:

This study was a double-blind, placebo-controlled, randomized-withdrawal, multicenter study of the
efficacy and safety of Xyrem (sodium oxybate) oral solution (See Figure 4). Pediatric subjects between
the ages of 7 and 17 who were diagnosed with narcolepsy with cataplexy, who were being treated with
Xyrem or who were Xyrem naive, were eligible to enter the study.

Figure 4. Study Schema

Screen Dose Titration Stable Dose Double-blind Open-label
reening : : . Safety Period
<30 days Period Period Treatment Period ty
(7 to 10 weeks) (2 to 3 weeks) (2 weeks) (38 to 47 weeks)
On X — No titration R
yrem at study |
e » 3 weeks :C‘_ Xyrem
| — =i )
§ | i
= - Placebo S
— | Open-label
Xyrem naive at Xyrem
¥ » 3to 10 weeks > 2 weeks — After the DSMB interim
study entry
analysis, randomization to the
placebo arm was stopped

Open-label

S .

Xyrem

Abbreviations: DSMB = data and safety monitoring board
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